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PLATELET PARTICLE POLYMER COMPOSITE WITH OXYGEN 
SCAVENGING ORGANIC CATIONS 

CROSS REFERENCES TO RELATED APPLICATIONS 

This application claims the benefit of United States Provisional Application 
Serial No. 60/148,156 filed August 10,' 1999. 



10 



20 



FIELD OF THE INVENTION 

This invention relates to oxygen scavenging systems comprising platelet 
parties having oxygen-scavenging organic cations attached thereto and at least 
one catalyst to promote the oxygen scavenging. This invention further relates to 
nanocomposites comprising polymers having the oxygen scavenging systems of the 
present invention dispersed therein and processes for preparing said 
1 5 nanocomposites. 



BACKGROUND OF THE INVENTION 

There are many products, particularly foods and beverages, which are sensitive 
to oxygen and suffer significant deterioration upon exposure to very low levels of 
oxygen. To extend the lifetime of oxygen sensitive products such as beer and fruit 
drinks there are many commercial containers that incorporate oxygen barriers 
(passive barrier) and/or oxygen absorbers (active barrier). In these designs an 
oxygen barrier is used to effectively reduce the permeation of oxygen into the 
package. For extremely sensitive products an oxygen absorber is used to 
chemically react with oxygen permeating into the package or oxygen trapped in the 
headspace during filling. Through careful design, the use of oxygen barrier and/or 
scavenger materials results in the creation and maintenance of extremely low 
oxygen levels within the container. 

Some of these oxygen sensitive products also require a packaging material that 
proves a high physical barrier to other gases, such as carbon dioxide for example 
An example of such a product is beer, which requires a packaging material that 
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provide, a high barrier against egress of carbon dioxide as wel, as ingress of 

oxygen 



For .any products that require a barrier agains, oxygen in addition to a barrier 
^^rl^ ^'ffirsion of another gas, a physical barrier material of a thickness providing 
an adequate barrier agains, the gas other than oxygen ofte „ does no, provide a 
sufficient barrier against ingress of oxygen. 

A polymeric material tha, is common,, used i„ packaging applications is 
polyethylene terephthalate or PET. This materia, has a number of valuable 
propert.es for packaging but lacks sufficient gas barrier for some applications For 
examp.e, although PET has adequate oxygen barrier properties for oxygen- 
msensnive products such as carbonated Mft drinks, hs oxygen permeabiiity limits 
«s use ,„ packaging for beer, fruit juices and other citrus products, tomato based 
products and aseptically packed meat. Similarly, while PET provides a sufficient 
bamer to carbon dioxide for some applications, such as carbonated soft drinks i, 
does no, provide an adequate barrier agains, carbon dioxide for other applications 
such as beer for example. - ~ 

To improve PET's gas barrier deficiencies, the concept of a multilaver 
structure has been taught Here, polymers that have excellent gas barri* and/or 
oxygen scavenging properties are combined with PET to produce a layered 
structure consisting of the individual polymer, Suitable methods for producing 
flayer structures include co-injection, co-extrusion, .amination, and coating. 
Typ.cal polymers suitable as gas barriers include EVOH, PVOH, PVDC and 
polyamides such as MXD 6 . Suitable oxygen scavengers include polymers capable 
of undergoing metal catalyzed oxidation such as MXD6 or polybutadiene 
oxKhzable metals such as iron, or reduced anthraquinones. Blends of barrier 
polymers with PET have also been taught as a method to i m p rove the oxygen 
bamer of package, Some examples of polymers that have been blended with PET 
are PEN, EVOH, MXD6, liquid crysta. polymers, and BO10. Oxygen absorbers 
that have been blended into PET include MXD6 with a cobalt catalyst as well as 
mod.f.ed polybutadienes incorporated through a reactive extruder 
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la Jo IT ! m " Mlayer a " 0WS the ~ °™e 

yer .o poform , ndependently whjch a „ ows fe f optimjzaHM ^ 

- o^er iayers, w „ile a thin middle , ayer cou|d ^ 
three U y erbo tt ,,™ sisadvantageoussinceEVOHiI . keotherbaiT . ttOT 

r^ s ir lymers ' is raora """^ rex *• « ^ ~ 

mm m, 2ed by opt,m,z,„ 8 the amouM of bartff or 

ave o rT " 3 ^ By putong . 

layer of food contact approved po lym er, such 35 PEr , between me food and 

oxygen-scavenging , ayer , the misralio „ ^ ^ 

minimized to acceptable levels. 

^ h -*™''i^«>„ t ai„er smay bele SS ex P e Ils ivea rais , ur d i = tt ha n a 
m o, aye corner ofthe barrier or scavenging rna,eri al it ,e,f, the use of different 
polymers ,„ me Uyers can resui, in SM ,e problems. „. 
sondes de,ami„a,e from each other during use pacing . container ^ 
^^^^.^^^.^^^^^ 
Afferent polymers in the layers, such as a poi y ester/p„, yanlide or 
po, y e s ,er/po. y o,ef,„, increases the difficulty of recvciing the m^, before . 
creating an environmental problem. 

The addition of pi a ,e,e, palti cle S , derived from certain days, ,0 powers ,0 
= «he physica, barrier proves of a polymer has also been t^,. U 

so^ed ~pos,,es are formed bydispersingftepla^etparUCe, in me 
m^x P „ ly me, To effectively i mprove lhe gas ^ ^ 

ztr an r ua,e ,evei ° f c,ari,y in ,he po,ymer - *• *'* P"*"- — ^ 

antaily or My exfo,ia,ed. To achieve mis exfoliation, temer mo,ecu,es are 

~-.hec.ay. The use of a variety of possible, emermdecules has been 
The tethers are generally organic cation, .eh as ^ernar, ammonium 
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-Its, phosphor salts and sulfonic sahs. nes , nanocompcsite ^ 
be used m a monolayer package or in one or more layers of a multilayer structure 

Examples of scavengers incorporated into polyesters are known For 
exampie, WO 98/.2127 ar.d WO 987,2244 disclose the preparation of biends of 
PET contammg either osidizable metals or modified polygenes. However 
these materials have no passive barrier and are ha.-y. Also, of 
wth PET are know, to be effective scavengers of oxygen in the presence of a 
cobalt catalyst. However, these blends introduce undes,rab.e contaminants into 
existing PET recycle streams. 

US 5,2736,616 discloses and claims oxygen scavengers containing certain 
pendant ether moieties. 

Thus, there are several oxygen barrier and scavenging technologies known in 
the art, but none address all the ,eeds for an optimum package. 

BRIEF SUMMARY OF THE INVENTION 
„ The present invention relates to novel oxygen scavenging compositions " 
eompnsing p, ate ,e, parti c,es having attached thereto a, leas, one tether molecule 
»h,ch scavenges oxygen in the presence of a, leas, one oxygen scavenging caulys.. 
The present invention further relates to nanocomposi.es comprising a. least one 
matnx polymer and an oxygen scavenging composition of the present invention 
dispersed therein. 

When the nanocomposites of the present invention are incorporated into a 
layer of a ng id container or flexible film, the resulting novel articles are suitable for 
packaging oxygen-sensitive products. The articles containing the composition limit 
oxygen exposure by acting as an active oxygen barrier and/or a means for 
scavenging oxygen from within the article. 
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DETAILED DESCRIPTION 

ox™ ' T* inVen,i °" ^ C ° mP0Si,i0nS "» 

Spec fical.y .he co m p„ sitio „ of the mxm ^ 

part.de material and scavenging oxygen 

o more additiona , organjc ^ 

platelet^T" inVe " ,i0n ^ * ^ polymer- 
ia pattcleranocomposite derived from 

a ) a matrix polymer; 

l "™ °r ic capabu «■*•*« «— *- <° * p 

particle matenal and scavenging oxygen- 

^=.ve S to the piatele, ma^ria, a„ d improving ^ ^ rf * 
the matrix polymer; 
•> " catalyst* promote *e oxygen scavenging capabiK[yofthetether 

molecules. 

veritable film or one ormore ofthe layers ofa multilayer rigid 
to permeation of gases or volatile compounds. 
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Nanocomposi.es of ,he preen, invention can „, used as , fa 
-amers, flexible flIrn , ^ ^ ^ ^ ^ 

to for packagmg oxygen-sensitive produce or use in oxygen sensitive 
~e„ts. The nanocomposite layers may in the form ^ „ hyers 
co-layers and the , ike . The ^ ^ ' 

exposure by acting as an acive oxygen barrier and/or a means for scavenging 
oxygen from within the article. 

Suitable articles inciude, bu, are „ ,i mi , ed ,„, film , shee, tubing, profiles 
p.pes, fiber. b.ow molded articles such as rigid containers and preforms ' 
thermoformed articles, flexible bags and the like and combinations thereof 
Typ-cal rigid or semi-rigid articles can be formed from plasnc, paper or cardboard 
cartons or.ootdes such as juice container, soft drink containers, beer containers 
-upconuiners.milkcontainers.ftermoformedtraysorcup, In addition, the ' 
»a,l s of sucl, articles often comprise multiple lay ers of materials. This invention 
can be used in one, some or all of those layers. 

._The process of manufacturing the polymeric composite materials of this " 

— comprise (!) preparing an interested layered platde, particle materia. 

- w .ncorporating the int«rca.a,ed layered materia! in a polymer. Incorporation 
nay be by polymerization of monomers to the polymer in the presence of the 
■ntercalated layered platele, particles follo^ by any processing such as solid- 

rT T" 7 ° btai " *■ **" m ° leCUlar Wei « h '- '"""n may also 
be ob a,„ed by melt-processing the polymer with the i^ted layered platelet 

particle material. 

The firs, step in the preparation of the intercalated layered' platele. particle 
matenal of the present invention is the reaction of a sweHable layered platele, 
maters an organic ^ ^ ^ ^ ^ ^ ^ ^ 

the dual purpose of aiding the exfoliation of the platelet-particles in the polymeric 
matnx and imparting an oxygen scavenging capability to , h e composite materia! in 
me presence of an oxidation catalyst. It is understood tha, one or more than one 
organ* sal, may be used and tha, each organic sal. need no, necessarUy serve bo,h 
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zr F r examp,e ' ,wo dis,inct or8 ™ c may be «<• ° f « 

predonunamly lm part the propert . es wh . u srand wouU 

P-edominantiy serve to impart lhe ow „ ^ ^ 

0 .h salts may ^ me ^ of bindmg ^ ^ ^ 

platelet particles. 

^ s -»*le.ayere d p 1 a t e 1 e,pa rti cle ra a,e ri aI i so ft e„asi 1 ica.ema t en al 
*a« ,s a free flowmg powder ^ . ^ rf 

0.3 an, about 3.0 millieouWents per gram of minera,. The p,a,e,e, materia, may 
have a vv.de variety of exchange cations present i„ , he galleries ^ ,„ e . 

1 vers of the siHoate materia!, including, but no, limited t0 catio „ s comprising the 
alkahne metals (group JA) , lhe alkaline ^ ^ ^ ^ ^ ^ ^ 

The most preferred cation is sodium, however, any cation or combination of cations 
may be use , provided that most of the cations are exchanged for onium ions in the 

ou.d have a thickness of less than about 2 „ m and a diameter in the range of 
about ,„,„ about lOOOnm. Usefc, swellable ,ayeredT„ica«e materiaisTncluded 
natural, synthetic, and modified phy,,osilica.es. ,,l„stra,ive of such siHca.es are 
smecttte days, such as montmorillonite, saponite, hectorite, mica, vermiculite 
bentonne, nontronite, beidellite, volkonskoite, sauconite, magadiite, kenyaite, and 
he hke synthetic siiicates, such as synthetic mica, synthetic saponite, and synthetic 
h ctonte, and modified silicates, such as fluoronated mo„, m „rii,„„i t e Other 
P a.e,et or layered type materiais, such as chalcogens may also be used. Suitab.e 
sthcate materials ar. ava i,able from various companies induding Southern Clay 
Products ,n Gonzalez, Texas and Nanccor, hc . i„ Miagtm Heights , B|inois 
Generally, the silicate materials are an agglomeration of platelet particles, called 
tactotds, which are closely stacked together like cards. 

Numerous methods to modify byered panicles with organic cations are 
tov™, and any of these may be used in the process of this invention 

one of *** PmiClB Wi ' h ™ «**> « 

of „h,ch can scavenge oxygen, may be prepared, for example, by the processes 
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11 PartiC ' eS "** — sal, or organic 

anon salts (neat or dissdved i„ water or alcohol) with agitation, then blending for 

a wnod of t,me sufficient f„ r th e „ rganic ^ t0 ^ of fte 

canons ,n the gallaries between the layers of the clay material. Then, the 
o « modified layered partide materia, is isolated by methods taw in the 
an .ncludmg, bo, no, limited to, Nation, centrifcgation, spra, drying, and their 
comb,„a, 10 „, It is desirable ,o use a sufficient amount of ,he organic sal, ,o permi, 
<he exchange of mos, of the metal cations in the gaNeries of the layered panicles for 
organ, cations. The particle she of the resulting organoclay is reduced in size by 
methods known in the art, induding, bu, „„, limi ,e d t0 , g^, pu|verj 
hammer mining, je, mining, and their combinations. I, is preferred that the average 
parocle s,ze be reduced to less than 100 microns in diameler. 

Useful organic cation salts for the purposes of this invention are capable of 
hydrogen bonding with the se.ec.ed matrix pdymer, binding free oxygen and can 
be represented as follows: 



R1 

R2-!V!-R4 
R3 



-i + 



X 



Wherem M represents nitrogen, phosphorous or less preferably, sulfur X 
represents an anion, usually selected from the group of halogen,' hydroxide, or 
acetate amons. R,, R 2 , R 3> and ^ are independemly fr ^ ^ ^ 

ohgomeric organic moieties. In the case of M being sulfor, one of R„ R 2) R 3 and 
Represents a lone pair of ele ctrons. Some, but not all, of the R groups may be 
hydrogen. Of R„ R 2> R 3 , and * at least Qne ^ be ^ ^ ^ 

of scavenging oxygen. Oxygen scavenging moieties may be any organic moiety 
contammg an easily abstractable hydrogen atom or one or more olefinic 
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bond streneth of a * Se W,th a hoi "olytic 

« strength of less than or equal to about 93 kcal/mnl c„ -r 

glycol), poly(heptamethylene elvcoH and ™i, / * , 

than one different „n ™rodual R groups may also contain more 

-do^ nt 1 "! ^ ^ " ^ P ° Wa,ky '- «W> chain in 
branched TeT T ^ "* *"* * »~ or 

Z d T T ° f USCfcl Sa " S W " h «*> W - be 

con, e i!c::;;: y ™ t ° b < ^ - 

c,b.„ , T^^^^'^^i^ hydrochloride 
hahdes, dimethyl sulfate, and the like y 

ahydrofcrandiy,), prepared by cationic polymerization of 2^Ln could 
-ncorporated into an oxyge „ R gr<)up ^ ^ 

Wm po,y ( a,Mene g ,ycol), Addition exampies inciudepo 1 
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r 



II 



The lower alkyl represented by R-, R\ R . p. . , 

units I and TT m a t. v * md R ,he ""norner 

"-I and n may be the same or different, and are independently seiected from the 
*o U p cons.st.ng of alky,s having M carbon atoms, for e*amp,e, methyl ethy, 
-Propyl, isopropyl, butyl, or the like. ~ ~ 

"^^"Otedtao^dizablepo^ersconsistin^fthecvCice-K.. 
■~«y w,„ degrade w^t polymer chaj „ ^ ^ ^ ^ 

r~ B ir ponems that ^ mi8ra,e ~ - — — - - 

Other possible organic cations may „ ave . stractures fa whjcb ^ 

*ru«ure. Such structures may be advantageous for oxygen scavenging since 
^.vec,ava g eo f abo n di„,he b , okboneofsucharingwou JJ i; ;7 

or forming low mo ecular weit?ht ^vrra^oki^ 

process u f H „ , SPCCleS 38 3 reSU,t 0f the oxid *i°n 

Process reduced. In more complex structures, more than two of the R groups 

be covalently bonded to form multiple ring structures. 
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In still other structures, one or more of the R groups may be simultaneously 
bonded to more than one M atom. An example of one such structure might be 
represented by 



R". 



i 2+ 



R" c 



R"— M r R" 2 -M 2 -R» 
R" 6 R'V 



2X 



10 



15 



Wherein Ml, M2 represent nitrogen or phosphorous or, less preferably, sulfur, 
R" 1, R"3,R"4, R"5, R"6 and R"7 are selected from the same group as Rl, R2, R3, 
and R4, and may or may not serve an oxygen scavenging role. In the case of Ml ' 
and/or M2 being sulfur, one of R»l, R»3 ; R"4, R» 5) R»6 and R»7 per sulfur atom 
represents a pair of electrons. The linking group R"2 would be selected from 
molecules like those of Rl, R2, R3, and R4, but would differ from them in that it is 
bonded to MLand M2. It will be understood, that other structures with more than 
one linking group between the nitrogen, phosphorous or sulfur centers are also 
possible. Additional structures might involve more than two nitrogen, phosphorous 
or sulfur atoms linked into the same molecule. An example of such a structure may 
be derived from calixarenes, which have the general structure 
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where n » a numb<!r between 3 a „ d ^ ^ ^ ^ - 

^ . some pMWM ^ (h£ y *d by 

:;;ir"° r,heR '"- 

c^rene a t ,ache d ,o a platelet paiticle by „„, „ _ » 

or sulfon,™ M „,ers „ou,d be created The to in the backbone ^ ~ 

b r iic hydrosens ^ may ^ - «»- — 

oxygen scave„g,„ g groups „ it . For a|| such , 
^vantage™ ,o derive at .east some of t)le phenolic QH ,„ 

into an ether, since p^o.ic OH, often ac, as anti-o* a I 
However, sonte ,e,e, of anti-o^, Mivity nay be a - 
nducon P er iod , tefore the oxyge „ ^ ^» - 

charge of mu,,,^, cations would bE ^ ^ ^ ^ 
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Additionally, calixresorcinarenes, molecules similar to calixarenes, but 
based on substituted resorcinol instead of substituted phenols, may be useful in the 
same manner as calixarenes. 

In addition to the at least one oxygen scavenging substituent R on the atom 
M, the other R groups of Rl, R2, R3 and R4 in the organic cation can be selected 
from a much broader set of molecules, which may or may not be known to posses 
an oxygen scavenging ability. Examples of useful organic groups include, but are 
not limited to, linear or branched alkyl groups having 1 to 22 carbon atoms, aralkyl 
groups, which are benzyl or substituted benzyl moieties including fused ring 
moieties having linear chains or branches of 1 to 22 carbon atoms in the alkyl 
portion of the structure, aryl groups such as phenyl and substituted phenyl 
including fused ring aromatic substituents, beta and gamma unsaturated groups 
having six or less carbon atoms, and alkyleneoxide groups having 2 to 6 carbon 
atoms. Examples of useful oligomeric or polymeric organic groups include, but are 
not limited to, poly (alkylene oxide), polystyrene, polyacrylate, polycaprolactone, 
and the like. Additionally, 6he or more, but not all, of the R substituents may be 
hydrogen. 

Examples of oxygen-scavenging organic cations that may be used as a 
component of the present invention include, but are not limited to, bis(2- 
hydroxylethyl) octadecyl methyl ammonium; various alkyl benzyl dimethyl 
ammonium cations, where alkyl is a linear or branched alkyl group with 3 to about 
30 carbon atoms, such as octadecyl benzyl dimethyl ammonium; tallow benzyl 
dimethyl ammonium; ditallow benzyl methyl ammonium, and the like or mixtures 
thereof, as well as trioctyl benzyl phosphonium, triethyl vinylbenzyl phosphonium, 
dibutyl dodecyl allyl phosphonium, and the like and mixtures thereof. Illustrated 
examples of suitable polyalkoxylated ammonium compounds include those 
available under the trade name Ethoquad or Ethomeen from Akzo Chemie 
America, namely, Ethoquad 18/25 which is octadecyl methylbis(polyox y ethylen e 
[15]) ammonium chloride and Ethomeen 18/25 which is octadecyl 
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bis(polyoxyethylene [15]) amine, where the brackets refer to the total number of 
ethylene oxide units. 

Examples of organoclays suitable as a component of the present invention 
are, but are not limited to, Claytone APA and Claytone EM available from 
Southern Clay Products. 

More than one organic cation salt may be used in the process of preparing a 
nanocomposite material according to the present invention. In such a case, some of 
the organic cation salts heed only have exfoliating capabilities and limited or no 
oxygen scavenging capabilities. For these exfoliating organic cation salts, all of R,, 
R 2 , R 3 , and R4 can be selected from the broader set of molecules that do not 
necessarily posses an oxygen scavenging capability. Examples of useful organic 
groups again include, but are not limited to, linear or branched alkyl groups having 
1 to 22 carbon atoms, aralkyl groups, which are benzyl or substituted benzyl 
moieties including fused ring moieties having linear chains or branches of 1 to 22 
carbon atoms in the alkyl portion of the structure, aryl groups such as phenyl and 
substituted_phen y l including fused ring aromatic substituents, beta and gamrmr 
unsaturated groups having six or less carbon atoms, and alkyleneoxide groups 
having 2 to 6 carbon atoms. Examples of useful oligomeric organic groups include, 
but are not limited to, poly (alkylene oxide), polystyrene, polyacrylate, 
polycaprolactone, and the like. Preferably the oxygen scavenging organic cations 
comprise moieties capable of interacting with the selected matrix polymer. For 
polyamides, hydroxyl and ether moieties provide potential interaction sites with the 
hydrogens on the polyamide. The interactions allow greater intercalation of the 
polyamide into the organoclay. 

Examples of useful exfoliating : organic cations that may be used in 
conjunction with one or more oxygen-scavenging organic cations include, but are 
not limited to, alkyl ammonium ions, such as dodecyl ammonium, octadecyl 
ammonium, bis(2-hydroxylethyl) octadecyl methyl ammonium, octadecyl benzyl 
dimethyl ammonium, tetramethyl ammonium, and the like or mixtures thereof, and 
alkyl phosphonium ins such as tetrabutyl phosphonium, trioctyl octadecyl 
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phosphonium, tetraoctyl phosphonium, octadecyl triphenyl phosphonium, as well 
as others well known in the art, such as those disclosed in US patent 4,136,103, and 
the like and mixtures thereof. Illustrated examples of suitable polyalkoxylated 
ammonium compounds include those available under the trade name Ethoquad or 
5 Ethomeen from Akzo Chemie America, namely, Ethoquad 1 8/25 which is 

octadecyl methylbis(polyoxyethylene [15]) ammonium chloride and Ethomeen 
18/25 which is octadecyl bis(polyoxyethylene [15]) amine, where the brackets refer 
to the total number of ethylene oxide units. 

The oxygen scavenging organic cation of the present invention may be 
1 0 attached to the platelet particl es ionically, covalently or by any other form of 
chemical attachment, such as by van der Waals forces. Any type of bonding or 
attraction is suitable so long as they stay bound or associated with the platelet 
particles throughout processing, incorporation into matrix polymers and use. 
Specifically, the oxygen scavenging cation may be attached or associated as a 
separate cation or may be attached or associated with exfoliating organic cation. 

Suitable oxidation catalysts, (e), include transition metal catalysts whichcan 
readily interconvert between at least two oxidation states. Preferably, the transition 
metal is in the form of a transition metal salt with the metal selected from the first, 
second or third transition series of the Periodic Table. Suitable metals include 
manganese II or in, iron D or IE, cobalt E or ffl, nickel II or ID, copper 1 or II, 
rhodium 11, m or IV and ruthenium. Suitable counterions for the metal . include, but 
are not limited to, chloride, acetate, acetylacetonate, stearate, palmitate, 2- 
ethylhexanoate, neodecanoate or naphthenate. The metal salt may also be an 
lonomer, in which case a polymeric counterion is employed. Such ionomers are 
25 well known in the art. 

The matrix polymer (a) may be present at concentrations of 0 to 99.99 weight 
% of the total composition. Thermoplastic polymers which are suitable in the 
present invention include polyesters, polyolefins, polyamides, polyurethanes, 
polystyrene, polyacrylates, epoxy-amines, polyvinyl chloride, acrylonitrile 
containing polymers and copolymers, vinylidene chloride containing polymers and 
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copolymers, polycarbonates, and ethylene copolymers such as ethylene-vinyl 
acetate, ethylene-vinyl alcohol, ethylene-alkyl (meth)acrylates, ethylene- 
(meth)acrylic acid and ethylene-(meth)acrylic ionomers. Blends of different 
thermoplastic polymers may also be used. 

Suitable polyesters include at least one diacid and at least one glycol. The 
primary dibasic acids are terephthalic, isophthalic, naphthalenedicarboxylic, 1,4- 
cyclohexanedicarboxylic acid, phenylenedioxydiacetic acid and the like. The 
various isomers of naphthalenedicarboxylic acid or mixtures of isomers may be 
used but the 1,4-, 1,5-, 2,6-, and 2,7-isomers are preferred. The 1,4- 
cyclohexanedicarboxylic acid may be in the form of cis, trans, or cis/trans mixtures. 
The various isomers of phenylenedioxydiacetic acid or mixtures of isomers may be 
used but the 1,2 -, 1,3 -, and 1,4 - isomers are preferred. In addition to the acid 
forms, the lower alkyl esters or acid chlorides may also be used. 

The dicarboxylic acid component of the polyester may optionally be modified 
with up to about 95 mole percent of one or more different dicarboxylic acids. Such 
additional dicarboxyhc acids include dicarboxylic acids having from 6 to about 40 
carbon atoms, and more preferably dicarboxylic acids selected from aromatic 
dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic dicarboxylic 
acids preferably having 4 to 12 carbon atoms, or cycloaliphatic dicarboxylic acids 
preferably having 7 to 12 carbon atoms. Examples of suitable dicarboxylic acids 
include phthalic acid, isophthalic acid, naphthalene- 2,6-dicarboxyIic acid, 
cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4 , -dicarboxylic 
acid, 1,3-phenylenedioxydiacetic acid, 1,2-phenylenedioxydiacetic acid, 1,4- 
phenylenedioxydiacetic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, 
sebacic acid, and the like. Polyesters may be prepared from one or more of the 
above dicarboxylic acids. 

Typical glycols used in the polyester include aliphatic glycols containing from 
two to about ten carbon atoms, and cycloaliphatic glycols containing 7 to 14 carbon 
atoms. Preferred glycols include ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 
1,4-cyclohexanedimethanol, diethylene glycol and the like. The glycol component 
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may optionally be modified with up to about 50 mole percent, preferably up to 
about 25 mole % and most preferably up to about 15 mole % of one or more 
different diols. Such additional diols include cycloaliphatic diols preferably having 
6 to 20 carbon atoms, aromatic diols containing from 6 to 15 carbon atoms or 
aliphatic diols preferably having 3 to 20 carbon atoms. Examples of such diols 
include: diethylene glycol, Methylene glycol, 1,4-cyclohexanedimethanol (when 
using 1,4-cyclohexanedimethanol, it may be the cis, trans or cis/trans mixtures), 
propane- 1, 3 -diol, butane- 1,4-diol, pentane-l,5-dioI, hexane-l,6-diol, 3- 

methylpentanedio!-(2,4),2-methylpentanediol-(l,4),2,2,4.trimethylpentane.dioI- 
(1,3), 2-ethyIhexanediol-(l ) 3), 2,2-diethylpropane-diol-(l,3), hexanediol-(l,3), 1,4- 
di-(2-hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane, 2,4- 
dihydroxy-l,l,3,3-tetramethyl-cyclobutane,2,2-bis-(3-hydroxyethoxyphenyl)- 
propane, l ) 3-bis(2-hydroxyethoxy)ben 2 ene 3 l,4-bis(2-hydroxyethoxy)benzene, 2,2- 
bis-(4-hydroxypropoxyphenyl)- P ropane, resorcinol, hydroquinone and the like. 
Polyesters may be prepared from one or more of the above diols. 

_The polyester resin may also contain small amounts of trifu notional or 
tetrafunctional comonomers such as trimellitic anhydride, trimethylolpropane, 
pyromellitic dianhydride, pentaerythritol, and other polyester forming polyacids or 
polyols generally known in the art. 

The polyesters that may be a component of the present invention can be made 
by conventional processes well known in the art, and need not be described here. 

Suitable polyolefins of the present invention include mono- and diolefins, for 
example polypropylene, polyisobutylene, polybut-l-ene, poly-4-methylpent-l-ene, 
polyisoprene, or polybutadiene, and also polymers of cycloolefins, for example of 
cyclopentene or norbornene; furthermore polyethylene (which can be crosslinked), 
for example high-density polyethylene (HDPE), high-density polyethylene of high 
molar mass (HDPE-HMW), high-density polyethylene of ultra high molar mass 
(HDPE-UHMW), medium-density polyethylene (MDPE), low-density 
polyethylene (LDPE), linear low-density polyethylene (LLDPE) and branched low- 
30 density polyethylene (VLDPE). 
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Mixtures of the polymers described above, for example mix^res of 
polypropyiene „i,h polyisobutylene, polypropylene and pdyethyfene (e g 

Suitable copolymers of monoolefins and diolefms with each other or with 
other vinyl monomers are disclosed in WO 97/301 12 and W097/11993 

Suitable polyamides include partially aromatic polyamides, aliphatic 
polyam.des, „hol Iy aromatic polyamides and mixtures thereof By "partially 
-omatic polyamide" i, is mean, thatthe amide linkage of the partially aromatic 
polyam.de contains a, leas, one aromatic ring ami a nonaromatic species 

Wholly aromatic polyamides comprise in the molecule chain a, leas, 70 mole 
A of sti.cti.ra, units derived from m-xylylene diamine or a xyly,ene diamine 
nature comprising m-xylylene diamine and up to 30 % of p-xy,y,e„e diamine and 
an ae-al,pha,ic dicarboxylic acid having 6 to ,0 carbon atoms, which are further 

descnbedm Japanese Paten. Publications No., 1156775, No. 575 1/75 No 5735/75 
and N. 10196/75 and Japanese Pate* AppMcati o„ ^ 

Polyamides formed from isophlhalic acid, terephthalic acid 
cyclohexanedicarboxylicacid, meta- or para-xylylene diamine, 1 3- or I 4- 
cyclohexane(bis)me.hylamine, aliphatic diacids with 6 to ,2 carbon atoms 
ahphatic amino acids or , actaras ^ f „ „ ^ ^ ^ ^ ^ 

4 to ,2 carbon atoms, and other generally known polyamide forming diacids and 
tames can be used. The low molecular weigh, polyamides may also contain 
sma, amounts of tiifunctiona! or tetrafimctional comonomers such as trimellhic 
» ydnde, pvromellitic dianhydride, or other polyamide forming polyacids and 

polyamines known in the art. 

Preferred partial,, aromatic polyamides include: poly(m-xyly,ene adipamide), 
polythexamethylene isophthalamide), po.y(hexame,h y lene adipamide-co- 
■sophthalamide), P oly(hexamethyl adipamide-co-terephthalamide) and 
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poIy(hexamethylene isophthalamide-co-terephthalamide). The most preferred 
partially aromatic polyamide is poly(m-xyl y lene adipamide). 

Preferred aliphatic polyamides include poly(hexamethylene adipamide) and 
poWcaprolactam). The most preferred aliphatic polyamide is P ol y (hexameth y lene 
adipamide). Partially aromatic polyamides, are preferred over the aliphatic ' 
polyamides where good thermal properties are crucial. 

Preferred aliphatic polyamides include polycapramide (nylon 6), poly- 
aminoheptanoic acid (nylon 7), poly-aminonanoic acid (nylon 9), polyundecane- 
amide (nylon 11), polylaurylactam (nylon 12), polyethyiene-adipamide (nylon 2,6), 
polytetramethylene-adipamide (nylon 4,6), polyhexamethylene-adipamide (nylon ' 
6,6) polyhexamethylene-sebacamide (nylon 6,10), polyhexamethylene-dodecamide 
(nylon 6,12), polyoctamethylene-adipamide (nylon 8,6), polydecamethylene- 
adipamide (nylon 10,6), polydodecamethylene-adipamide (nylon 12,6) and 
polydodecamethylene-sebacamide (nylon 12,8). 

The polyamides of the present invention can be made by conventional 
—processes well known in the art, and need not be described here. 

The composition of this invention can initiate oxygen scavenging in a 
composition, layer, or packaging article solely prepared from an oxygen scavenging 
organic cation attached to a platelet material in a polymeric matrix and transition 
metal catalyst. However, components such as photoinitiators or antioxidants can be 
added to further facilitate or control the initiation of the oxygen scavenging 
properties. 

For instance, it may be advantageous to add a photoinitiator, or a blend of 
different photoinitiators, to the oxygen scavenging compositions, if any 
antioxidants are included to prevent premature oxidation of that composition. 

Suitable photoinitiators are well known to those skilled in the art. Specific 
examples include, but are not limited to, benzophenone, o-methoxybenzophenone, 
acetophenone, o-methoxy-acetophenone, acetonaphthenquinone, methyl ethyl 
ketone, valerophenone, hexanophenone, a-phenylbutyrophenone, p- 
morpholinopropiophenone, dibenzosuberone, 4-morpholinobenzophenone, 
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benzoin, benzoin methyl ether, 4-o-morpholinodeoxybenzoin, p-diacetylbenzene, 
4-aminobenzophenone, 4'-methoxyacetophenone, a-tetralone, 9- 
acetylphenanthrene, 2-acetylphenanthrene, 10-thioxanthenone, 3- 
acetylphenanthrene, 3-acetylindole, 9-fluorenone, 1-indanone, 1,3,5- 

triacetylbenzene,thioxanthen-9-one,xanthene-9-one,7H-benz[de]anthracen-7-one, 
benzoin tetrahydropyranyl ether, 4,4'-bis(dimethylamino)-benzophenone, 1'- 
acetonaphthone, 2'-acetonaphthone, acetonaphthone and 2,3-butanedione, 
benz[a]anthracene-7, 12-dione, 2,2-dimethoxy-2-phenylacetophenone, a,a- 
diethoxyacetophenone, cc,o>dibutoxyacetophenone, etc. Singlet oxygen generating 
photosensitizers such as Rose Bengal, methylene blue, tetraphenyl porphyrin, and 
zinc phthalocyanine may also be employed as photoinitiators as well. Polymeric 
photoinitiators include polyethylene carbon monoxide), and oligo[2-hydroxy-2- 
methyl-l-[4-(l-methylvinyl)phenyl]propanone]. Use of a photoinitiator is 
preferable because it generally provides faster and more efficient initiation. When 
1 5 actinic radiation is used, the initiators may also provide initiation at longer 
wavelengths that are less costly to generate and are less harmful- 

As mentioned above, antioxidants may be used with this invention to control 
scavenging initiation. An antioxidant as defined herein is any material that inhibits 
oxidative degradation or cross-linking of polymers. Typically, such antioxidants 
are added to facilitate the processing of the polymeric materials and/or prolong 
their useful lifetime. In relation to this invention, such additives prolong the 
induction period for oxygen scavenging in the absence of irradiation. Then when 
the layer's or article's scavenging properties are required, the layer or article (and 
any incorporated photoinitiator) can be exposed to radiation. 
25 Antioxidants such as 2,6-di-(t-butyl)-4-methylphenol (BHT); 2,2'-methylene- 

bis(6-t-butyl-p-cresol); triphenylphosphite; tris-(nonylphenyl)phosphite; 
dilaurylthiodipropionate and pentaerythritol tetrakis(3,5-di-tert-butyl-4- 
hydroxyhydrocinnamate) (Irganox 101 from Ciba) would be suitable, but not 
limited to, for use with this invention. 
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The invention has been described in detail with particular reference to 
preferred embodiments thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope of the invention. 
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WE CLAIM: 



1 • A composition comprising a) platelet particles having attached thereto at 
least one oxygen scavenging organic cation and b) at least one oxidation 
scavenging catalyst. 

2. The composition of claim 1 wherein said platelet particles further 
comprise at least one exfoliating organic cation which is capable of interacting or 
bonding with a matrix polymer. 

3. The composition of claim 1 wherein said composition is dispersed in at 
least one matrix polymer. 

4. A composition comprising: 

a) platelet particles capable of at least partial exfoliation in a matrix polymer; 

b) one or more oxygen scavenging organic cations capable of attaching themselves 
to the platelet particle material and scavenging oxygen; 

c) optionally, one or more additional organic cations capable of attaching" 
themselves to the platelet material and improving the level of exfoliation in the 
matrix polymer; and 

d) catalyst to promote the oxygen scavenging capability of the tether molecules. 

5. A nanocomposite comprising a matrix polymer having dispersed therein 
the composition of claim 4. 

6. The composition of claim 1 wherein said oxidation catalyst comprises a 
transition metal salt wherein said transition metal is selected from the first, second 
or third transition series of the Periodic Table. 

7. The composition of claim 1 wherein said oxidation catalyst is selected 
from the group consisting of manganese II or m, iron n or m, cobalt II or m, 
nickel II or III, copper 1 or II, rhodium II, III or IV and ruthenium. 

8. The composition of claim 6 wherein said transition metal salt comprises 
at least one counterion for the metal selected from the group consisting of chloride, 
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acetate, acetylacetonate, stearate, palmitate, 2-ethylhexanoate, neodecanoate, 
naphthylate and mixtures thereof. 

9. The composition of claim 1 wherein said transition metal salt comprises 
an ionomer and said oxidation catalyst further comprises a polymeric counterion. 

10. The composition of claim 1 wherein said thermoplastic polymer is 
present in amounts up to about 99.9 weight percent of said total composition. 

11. The composition of claim 1 wherein said thermoplastic polymer is 
selected from the group consisting of polyesters, polyolefins, polyamides, 
polyurethanes, polystyrene, polyacrylates, epoxy-amines, polyvinyl chloride, 
acrylonitrile containing polymers and copolymers, vinylidene chloride containing 
polymers and copolymers, polycarbonates, and ethylene copolymers and mixtures 
thereof. 

12. The composition of claim 1 wherein said thermoplastic polymer is 
selected from the group consisting of polyesters, polyamides, polyolefins, 
polycarbonates, EVOH and mixtures thereof. 

13. "The composition of claim 4 wherein said oxygen scavenging organic 
cation is capable of hydrogen bonding with said matrix polymer, binding free 
oxygen and represented as: 



-, + 



R1 

R2— M-R4 

I 

R3 



wherein M represents nitrogen, phosphorous or sulfur, X" represents an anion, 
selected from the group consisting of halogen, hydroxide, or acetate anions; and Rj, 
R2, R 3 , and R4 are independently selected from organic or oligomeric organic 
moieties and hydrogen and at least one of R,, R 2 , R 3 or R4 comprises an organic 
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moiety containing an easily abstractable hydrogen atom or one or more olefinic 

unsaturations. 

14. The composition of claim 13 wherein M is sulfor and one of R, R 2 R 3 
and R4 represents a lone pair of electrons. 

15. The composition of claim 14 wherein said organic moeity is selected 
from the group consisting of benzylic, allylic, ether, p oly (alkylene glycol) 
molecules with tertiary hydrogens, polyolefins with some level of remaining 
unsaturate amines, amides, polyenes), P oly (am i d es) and any other molecules 
containing a C-H linkage with a homolytic bond strength of less than or equal to 
about 93 kcal/mol. 

16. The composition of claim 14 wherein said organic moiety is selected 
from the group consisting of benzyl, ally,, po ,y(ethy,ene glycol), polygene 
glycol), Dolydetramethylene glycol), polyfrentamethylene glycol) 
po.y(hexamethy,ene glycol), P oly(he P tamethy,ene glycol) and pol y (octameth y lene 
glycol), P olystyrene, P oly(propylene)_and poly(butadiene). 

1 7. An article comprising at least one layer comprising a polymer composite 
comprising 

a) a matrix polymer having dispersed therein 

b) platelet particles having attached thereto at least one oxygen scavenging 
organic cation and 

c) at least one oxygen scavenging catalyst. 

18. The article of Cairn 17 wherein said article is selected from the group 
consisting of film, sheet, tubing, profiles, pipes, fiber, containers, preforms, 
thermoformed articles and flexible bags. 

19. The article of claim 17 wherein said article is selected from the group 
consisting of film, sheet, tubing, profiles, pipes, containers and preforms 

20. The art.de of claim 17 wherein said article is a container or a preform 
compnsmg at least three layers in at least a portion of said article 
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21. The article of claim 17 wherein an intermediate layer comprise, said 
polymer composite and is disposed between a first and third layer each of which 
comprises at least one polyester. 

22. The article of claim 17 wherein said article is a container or a preform 
comprising at least four layers in at least a portion of said article. 

23 The article of claim 22 wherein said polymer composite is disposed in an 
.ntermediate layer between a first and fourth layer each of which comprises at least 
one polyester. 

24. The article of claim 23 wherein at least one layer comprises recycled 

polyester. 

25. The composition of claim 1 wherein said matrix polymer comprises 

recycled polymer. 

26. The composition of claim 26 wherein said recycled polymer is selected 
from the group consisting of polyesters, polyolef.ns, polyamides, polyurethanes 
polystyrene, polyacrylates, epoxy-amines, polyvinyl chloride, acrylonitrile ' 
contain^ polymers and copolymers, vinylidene chloride containing polymers and 
copolymers, polycarbonates, ethylene copolymers and mixtures thereof 
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